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(54) Hybrid ARQ in l\/lll\/IO systems using basis hopping for retransmissions 



(57) A Hybrid Automatic Retransmission Request 
(H-ARQ) technique is provided for Multi-Input Multi-Out- 
put (MIMO) systems. The technique changes the basis 
(V) upon retransmission, which helps reduce the error 
probability upon retransmission. This basis hopping 
technique provides for improved performance gain with- 
out significant increase in design complexity. A commu- 



nication device (100) includes a receiver section (114) 
for receiving an acknowledgment (ACK) or a non-ac- 
knowledgment (NACK) to information transmitted by the 
transmitter section. If a NACK is received, a new basis 
is selected from a set of basis stored in a basis set unit 
(110). The new basis that is selected is then used by the 
linear transformation unit (106) in the retransmission of 
the information. 
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Description 
TECHNICAL FIELD 

5 [0001] This invention relates in general to communication systems, and more particularly to a Multi-Input Multi-Output 
(MIMO) Hybrid-ARQ (Hybrid Automatic Repeat Request) using basis hopping. 

BACKGROUND 

10 [0002] In packet communication systems, packet retransmission is often requested when a received packet is de- 
tected to be in error. This scheme, termed automatic retransmission request (ARQ), is intended to reduce packet errors. 
However, retransmitting the same information several times tends to reduce the communication system throughput. 
To reduce the number of required retransmissions, more efficient ARQ techniques are typically used. 
[0003] Hybrid ARQ (H-ARQ) techniques, which include Chase combining and incremental redundancy, have been 

15 shown to improve efficiency by reducing ARQ overhead. H-ARQ techniques are primarily designed assuming a single- 
antenna transmitter and receiver. In standard proposals submitted to HSDPAand IxEVDV, symbol/bit combining (i.e.. 
Chase combining) or incremental redundancy has been used in the H-ARQ technique. Transmit Diversity (TD) has 
been used in the IS-2000 and Wideband Code Division Multiple Access (WCDMA) standards and in their current 
evolution proposals. In the IS-2000 standard, for example, two open loop TD schemes have been adopted, i.e., Or- 

20 thogonal Transmit Diversity (OTD) and Space-Time Spreading (STS). In WCDMA, both open and closed loop TD 
schemes have been adopted. 

[0004] The use of multiple antennas to increase system throughput/data rate has started to gain attention in some 
communication systems, such as in third generation wireless systems like the 3GPP (3^^ Generation Partnership 
Project) and 3GPP2 standards bodies. Different multi-antenna techniques have been proposed for those standards, 
25 such as the use of transmit diversity and multi-input multi-output (MIMO) antenna processing techniques. Although the 
above-mentioned techniques serve their intended purpose, a need exists in the art for HARQ techniques that fully 
exploit the characteristics of MIMO channels by providing improved data throughput and system capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0005] The features of the present invention, which are believed to be novel, are set forth with particularity in the 
appended claims. The invention, together with further objects and advantages thereof, may best be understood by 
reference to the following description, taken in conjunction with the accompanying drawings, in the several figures of 
which like reference numerals identify like elements, and in which: 

35 

FIG. 1 shows a communication system that can support the MIMO H-ARQ technique of the present invention. 
FIG. 2 shows a graph highlighting a simulation of the performance using a (2,2) MIMO Chase combining with basis 
hopping using QPSK and assuming an IID channel in accordance with the invention. 

FIG. 3 shows a graph highlighting a simulation of the performance using a (2,2) MIMO Chase combining with basis 
40 hopping using 16 QAM and assuming an IID channel in accordance with the invention. 

FIG. 4 shows a graph highlighting a simulation of the performance using a (2,2) MIMO Chase combining with basis 
hopping using QPSK and assuming channel B (highly correlated channel) in accordance with the invention. 
FIG. 5 shows a graph highlighting a simulation of the performance using a (2,2) MIMO Chase combining with basis 
hopping using 16 QAM and assuming a channel B (highly correlated channel) in accordance with the invention. 
45 FIG. 6 shows a block diagram of a receiver in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0006] While the specification concludes with claims defining the features of the invention that are regarded as novel, 
50 it is believed that the invention will be better understood from a consideration of the following description in conjunction 
with the drawing figures, in which like reference numerals are carried forward. 

[0007] The present invention provides for a MIMO Hybrid-ARQ (H-ARQ) technique based on a basis hopping con- 
cept. A communication device 1 00 includes a transmitter section that can support the MIMO H-ARQ technique is shown 
in FIG. 1. Communication device 100 includes a transmitter section including a channel encoder, interleaver and mod- 
55 ulator block 102, a serial-to-parallel converter 104, a linear transformation block 106 which uses a basis V selected 
from set S in block 110, spreading blocks 108 (note that the spreading operation only applies to CDMA-based systems. 
The technique described in this application applies to any other systems such as TDMA, FDMA, OFDM, etc) and a 
ACK/NACK channel input 112. Communication unit 100 communicates with a second communication unit 120. 
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[0008] Assume that the number of transmit and receive antennas are P and Q, respectively, and that the data in a 
particular frame, m, is encoded, interleaved, modulated, and split into P sub-streams. A P X P linear transformation Is 
applied by linear transformation block 106 before spreading by spreader 108 (only needed for CDMA-based systems) 
and transmission via the appropriate antenna (1 to P). 
5 A set of pre-determined basis or linear transformations is then chosen. Let the basis set be S = {Vq, V^, Vf^_^}. Upon 
the first transmission, the first basis V = Vq in the set S is chosen. Note that a typical MIMO architecture does not utilize 
V (that is, Vn = Ip). 

[0009] The receiver is equipped with Q receive antennas. After despreading, all the P sub-streams are separated 
using an interference-resistant detector such as a linear or iterative Zero Forcing or Minimum Mean Squared Error 

10 (ZF/MMSE) detector, or maximum likelihood (ML) detector. When a linear or iterative detector is used, Q > P receive 
antennas are required so that the receiver has ample degrees of freedom the separate P different signal sources. The 
same requirement holds in general when no forward error correcting code is employed. When forward error correcting 
code is employed and a Maximum-Likelihood (ML) detector is used, however, this requirement can be relaxed. In this 
case, Q can be less than P. The sub-streams are then demodulated, merged into a single stream, and decoded to 

15 construct frame m. A Cyclic Redundancy Check (CRC) is then performed to determine whether frame m is in error. If 
frame m is declared error-free, an acknowledgment (ACK) is sent to the transmitting unit and the transmitting unit will 
not retransmit frame m. Otherwise, a no-acknowledgment (NACK) is sent to transmitting unit 100 via channel 112 in 
order to request a retransmission. 

[0010] The MIMO H-ARQ technique in accordance with the preferred embodiment works as follows. When the n-th 
20 NACK (retransmission request n>1, the n-th retransmission is also referred as the (n+1)-th transmission) is received 
in channel 112, a new basis V = is chosen for the linear transformation from set S in block 110. For a given basis 
set size N, when n>N-1, we choose V = mod n. The idea behind changing the basis upon retransmission is the fact 
that the error rate performance of the MIMO scheme is affected by the choice of basis V^. When a packet is declared 
in error, choosing a different basis will likely reduce the error probability upon retransmission. Notice that the "channel 
25 encoder, interleaver, and modulator" block 102 may change upon retransmission request to accommodate the use of 
some single-antenna H-ARQ schemes such as incremental redundancy (IR), constellation rotation, interleaver hopping, 
as well as simple Chase combining. 

[001 1] There are many possibilities for the basis hopping pattern used for the retransmissions as well as for the basis 
set. The basis hopping pattern can be pseudo-randomized or selected based on a pre-determined pattern. For a given 
30 set size N, a good basis set should cover a wide range of "weighting". A possible choice of basis set for P = Q = 2 
scenario can be generated from the parameterization of 2 X 2 unitary matrices: 
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Equation 1 

Km = 



sia0„ cos6„ 
m 



2(N-1) 
27m 



M 



45 While the choice of basis set can be arbitrary, choosing the basis set to contain unitary matrices is intended to avoid 
any increase in transmit power. In the above example, the set size is NM. The above generator can be extended for 

P > 2 by using a parameterization of unitary matrices such as by performing a Givens rotation. 

[0012] The basis set can also be generated based on the characteristics of the spatial channel such as long-term 
spatial correlation profile. In this sense, the basis set is chosen to be adaptive to the channel characteristics. 
50 [0013] In general, the basis set S = {Vq, V-|, V^.-i} can be constructed using the following guidelines: 



1 . The correlation between any of the two matrices and should be minimized. Hence, S should cover a wide 
range of unitary matrices. The set size N should not be too large, as the correlation between any of the two matrices 
tends to increase with N. 

55 2. For a given channel fading rate, N should be sufficiently large such that the time elapsed between transmission 

1 and N+1 is comparable to the channel coherence time. 

3. Assume that at the n-th retransmission, V=Vn is chosen. 

Since the probability of packet error after 2 transmissions is smaller than that after 3 transmissions (or the probability 
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of packet error after n transmissions is smaller that that after n+1 transmissions), the correlation between and 
Vq should be less than the correlation between V2 and Vq. This is intended to maximize the throughput gain due 
to HARQ process. Similarly, the correlation between V2 and Vq should be less than the correlation between V3 
and Vq. 

5 

[0014] In FIG. 6, there is shown a block diagram of a receiver 600 in accordance with the invention. Note that receiver 
600 can be used for the receiver section 114 shown in FIG. 1 . The linear transformation V changes the effective MIMO 
channel experienced by the transmitted signal. Letting the Q X P physical MIMO channel matrix be H, then, the effective 
MIMO channel after the linear transformation is HV. Denoting the Q-dimensional vector of the baseband-received signal 
10 (after despreading by block 61 0) as r and the P-dimensional vector of transmitted symbols as s, r can be written as 

r = HVs + w 

15 where w is the Additive White Gaussian Noise (AWGN) vector. This needs to be taken into account at the receiver 
600. It can be verified that the additional complexity associated with the linear transformation operation is not significant. 
It is also backward compatible to the regular MIMO system (we can simply choose V = Ip). Note that the MIMO H-ARQ 
technique of the present invention can be used in conjunction with single-antenna H-ARQ schemes such as Chase 
combining or incremental redundancy. 

20 [0015] Both the transmitter and receiver (also referred to as communication units or just units) have the knowledge 
of the basis set S and keep track on the number of transmissions for a particular data packet. The basis set S can be 
predetermined and made available at the transmitting and receiving units. If the basis set is made adaptive to the 
channel characteristic, some kind of communication between the transmitting and receiving units should be established 
to make the basis set available at both units. For Frequency Division Duplex (FDD) systems, the basis set can be 

25 chosen at the receiver and then communicated to the transmitter via a feedback channel. For Time Division Duplex 
(TDD) systems, since the channel characteristic can be made available at the transmitting unit, the basis set can be 
chosen at the transmitting unit and then communicated to the receiving unit, or vice versa. 
[0016] For the choice of the hopping pattern, there are several possibilities: 

30 1. The pattern can be predetermined. In this case, the choice of basis at a particular time instant does not have 

to be communicated from the transmitter to the receiver, or vice versa. 

2. The pattern can be pseudo-random. In this case, some kind of communication/signaling between the transmitter 
and receiver should be established to communicate the choice of basis. 

35 For a given basis set S, different hopping patterns should not result in significant performance difference. Hence, a 
predetermined pattern may be preferred to avoid the need for additional signaling. 

After space-time RAKE coherent combining with the effective MIMO channel in combiner block 612, interference re- 
sistant detection is performed by detector 614 to obtain the soft decision statistics for {s-, ,S2,...,Sp} (for systems without 
forward error correcting code, hard decision can be directly obtained). As previously mentioned, some examples of 
40 detectors 614 that can be used include linear zero-forcing (LZF), linear minimum mean square error (LMMSE), iterative 
zero-forcing (IZF), iterative MMSE (IMMSE), and maximum likelihood (ML) detectors. 

[0017] Denoting the P-dimensional vector of the received signal after Space-Time (ST) RAKE combining as y, a LZF 
detector as a first example generates the soft decision statistics as follows: 

45 A 

s = (V^H^HV)"V = (v"H"HV)"V"H^r. 
A LMMSE detector as a second example generates the soft decision statistics as follows: 

50 A 

s = (V^H^HV+ oV^ )"V = (v"h"hV+ aV)"V^H^r 
where is the noise variance and A = c//ag{E|s^|2,E|s2p,---,E|Sp|2}. 

In receiver 600, the soft decisions are then sent to a parallel-to-serial (P/S) converter 616 for conversion into a serial 
55 data stream which is forwarded to a conventional demodulator and decoder as is known in the art. 

[001 8] Receiver 600 also includes a block 61 8 for extracting the pilot signal from the received signal. The pilot signal 
is used by block 606 to obtain an estimate of the channel. A retransmission determination block 604 keeps track of 
the number of transmissions, and if a retransmission is detected, it informs the basis set selection unit 602 to select a 
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new basis. The basis selection unit 602 can be a mennory storage area where the plurality of basis can be stored. The 
channel estimate and the new basis are sent to block 608 in order to connpute the eifective channel information that 
is sent to combiner 612 and detector 614. 

[0019] In order to demonstrate the potential of the basis hopping technique of the present invention, the performance 
5 of a (2,2) MIMO using Chase combining and basis hopping is simulated. The basis set is chosen according to equation 
1 with N = 4, M = 1 . Raw Bit Error Rate (BER) simulation results for up to 3 retransmissions (4 transmissions total) are 
used to compare the performance of the system with and without the use of basis hopping (BH). The basis hopping 
pattern in this illustrative example is fixed to {1 , 2, 3, 4}. 

[0020] FIGs. 2 and 3 show the results for Quadrature Phase Shift Keying (QPSK) and 16QAM modulation assuming 
10 an IID channel. The results assuming channel B (a highly correlated channel with peak cross-correlation of 0.64 and 
average cross-correlation of 0.26) are given in FIG.s 4 and 5. Notice the significant performance gain of the BH MIMO 
Chase combining compared to a regular Chase combining scheme. The performance gain becomes more significant 
for lower order modulation and a more correlated channel. The gain of the BH scheme of the present invention compared 
to the regular Chase combining for QPSK in channel B is approximately 6-decibel (dB) at a BER = 10"^ at the 4*^ 
15 transmission. 

[0021] The above-described technique provides for a novel H-ARQ scheme for MIMO systems utilizing basis hop- 
ping. The use of the BH scheme of the present invention provides for improved performance gains without significant 
increases in complexity or changes to current MIMO systems. The technique can be a complement to single-antenna 
H-ARQ schemes, such as, but not limited to. Chase combining and incremental redundancy. In the preferred embod- 
20 iment, when an ACK is received at the transmitting unit from the receiving unit, the weighting factor used for the previous 
transmission remains the same for the next transmission. However, if a NACK is received, a new basis or weighting 
factor (V) is chosen from the set S is used on both the transmitter and receiver. 

[0022] The present invention has been described above with reference to a preferred embodiment. However, those 
skilled in the art having read this disclosure will recognize that changes and modifications may be made to the preferred 
25 embodiment without departing from the scope of the present invention. These and other changes or modifications are 
intended to be included within the scope of the present invention. 



Claims 

30 

1. A method for providing hybrid ARQ (H-ARQ) in a transmitting unit having a plurality of transmit antennas and 
providing a linear transformation to the data prior the data being transmitted to a receiving unit, comprising the 
steps of: 

35 (a) receiving a retransmission request (NACK) from the receiving unit; and 

(b) changing the basis used to perform the linear transformation in response to the NACK. 

2. A method as defined in claim 1 , wherein the transmitting unit does not change the basis used in the linear trans- 
formation if an ACK is received from the receiving unit. 

40 

3. A method as defined in claim 1 or claim 2 wherein the new basis selected in step (b) is selected from a set (S) 
having a plurality of basis. 

4. A method as defined in any one of claims 1 -3, wherein the basis is selected in step (b) from the set (S) in a pseudo- 
45 randomized fashion. 

5. A method as defined in any one of claims 1-4, wherein the basis is selected in step (b) from the set (S) in a 

predetermined fashion. 

50 6. A method as defined in any one of claims 1-5, wherein the set (S) comprises a plurality of unitary matrices. 

7. A communication device for communicating with a second communication device, the communication device com- 
prising: 

55 an input for receiving an acknowledgment (ACK) or no acknowledgment (NACK) from the second communi- 

cation device; 

a linear transformation unit using a basis (V), the linear transformation unit performing a linear transformation 
on data transmitted to the second communication device; and 
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a basis set (S) unit coupled to the linear transformation unit, the basis set unit in response to a NACK being 
receiving from the second communication device changes the basis (V) used by the linear transformation unit. 

A communication device as defined in claim 7, wherein the new basis used after receiving the NACK is chosen 
from the basis set unit in a pseudo-random fashion. 

A communication device as defined in claim 7 or claim 8, wherein the new basis used after receiving the NACK is 
chosen in a predetermined fashion. 

A communication device as defined in any of claims 7-9, wherein the basis set (S) includes a plurality of unitary 
matrices. 
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